Peanut stripe virus (PStV) was found in the United States in field-grown peanut plants (Arachis hypogaea L.) in 1982 (3, 4) . The virus originated from peanut seed germ plasm from the People's Republic of China and seed transmission was over 5% in some lots. Yield reductions by PStV in peanuts in Georgia were about 7% in experimental plots (9) . Peanut mottle virus (PeMV) was reported from peanut plants in Georgia in 1961, and the virus was found to be seed transmitted at a rate of 2% and to reduce yield by about 25% in experimental plots (8) .
The seedborne nature of these and other viruses in peanut is of considerable interest in the international exchange of germ plasm because of the potential economic damage that could result from the introduction of new strains of the viruses into peanut-growing areas. Currently, there is an effort to detect all seedborne viruses in newly introduced peanuts and to eliminate the viruses from the germ plasm before it is grown in fields or distributed. Virus detection is currently done by enzymelinked immunosorbent assay (ELISA) using seed or vegetative tissues (5, 13) . The ELISA is commonly used to detect virus in batches of five seeds, but it can be sensitive enough to detect 1 PStV-infected seed in 30 seeds (14) . Once a diseased batch is detected, each seed in the batch must be tested individually to verify virus-free seeds. The numerous seed lots to be tested and the time required to examine each lot have stimulated interest in development of more sensitive, high-throughput methods. Although reverse transcription-polymerase chain reaction (RT-PCR) has been shown to detect PStV in peanut seed (14) , it has not been tested on a significant scale. We received 106 peanut seed lots from a growout in Ecuador and had other seed lots that needed to be tested for virus infection. To accommodate screening large numbers of potentially virus-infected seeds in a timely fashion, we developed a high-capacity, sensitive method using immunocapture (IC)-RT-PCR (11).
MATERIALS AND METHODS
Peanut seed lots tested. Preliminary evaluation of the IC-RT-PCR procedure was conducted on 15 previously untested peanut seed lots from the National Germplasm Collection maintained at Griffin, Georgia. Samples from these lots were tested by double-antibody sandwich (DAS)-ELISA (5,13) and the results compared to those obtained by IC-RT-PCR on the samples. We then tested 106 seed lots from Ecuador by IC-RT-PCR. Those samples testing positive for one or both viruses, as well as random samples of those testing negative for either virus by IC-RT-PCR, were tested by ELISA. Positive controls were developed using virus-infected plant material previously determined by ELISA.
Virus extraction. PStV and PeMV were determined to be present in the cotyledon tissues of infected plants (13) . Therefore, virus was extracted from peanut seed cotyledons or from leaf tissue for the development of the RT-PCR procedures: 0.5 g of tissue was ground in RNA extraction Qiagen lysis buffer containing guanidine isothiocynanate, mixed with sarkosyl, heated at 70°C, and processed through a Qiagen mini-prep spin column (Qiagen Inc., Chatsworth, CA) to yield a preparation containing total RNA (10) .
For IC-RT-PCR, peanut seeds were sampled by a modified nondestructive technique (13) . A small slice was removed from each cotyledon distal to the radicle with a razor blade and the slices triturated in extraction buffer (1,000 ml of PBST [0.137 M NaCl, 1 mM KH 2 PO 4 , 8 mM Na 2 HPO 4 , 3 mM KCl, 0.05% Tween-20, 3 mM NaN 3 ] containing 0.01 M Na 2 SO 3 , 2% polyvinylpyrrolidone MW 40,000, 3 mM NaN 3 , 2% powdered milk, and 2% Tween-20, pH 7.4). For tests of seed lots, one 100-seed sample was selected at random from each seed lot. The sampling method was the same used in previous tests conducted on cowpea (Vigna unguiculata (L.) Walp. subsp. unguiculata) field-grown seed lots in which 20 five-seed samples were chosen at random and combined. Three such 100-seed samples from six seed lots were planted in flats and virus infection determined by symptomology and ELISA. The results indicated that samples from a given seed lot were identical or varied by only one positive plant for any of the viruses tested (unpublished results). The seed slices were combined for each seed lot and triturated in 20 ml of extraction buffer in a grinding bag (Agdia Inc., Elkhart, IN), after which the slurry was centrifuged at 14,000 × g for 5 min. Samples of the aqueous portion were then used for testing.
IC An immunocapture-reverse transcription-polymerase chain reaction (IC-RT-PCR) method was developed for testing peanut (Arachis hypogaea) seed lots for infection by Peanut stripe virus (PStV) and Peanut mottle virus (PeMV). A small slice was removed from each seed distal to the radicle of a random 100-seed sample, the slices were extracted in buffer and centrifuged, and a portion of the supernatant was incubated in a tube that had been coated with antiserum to either PStV or PeMV. Following immunocapture of the virus, the tube was washed, the RT-PCR mix (with primers designed from conserved sequences within the capsid region of each virus) was placed in the same tubes, and the test completed. Results obtained on 15 previously untested seed lots from the collection indicated good correlation between virus detected by the IC-RT-PCR method and virus detected from the same seed lots by enzyme-linked immunosorbent assay (ELISA). The IC-RT-PCR method detected three lots infected with PeMV and none with PStV from 106 seed lots grown in Ecuador (results confirmed by ELISA). The IC-RT-PCR method is more sensitive than ELISA (currently used on samples consisting of five seeds), is useful for testing large numbers of seed lots of peanut germ plasm, and could be adapted to test other plants and detect other viruses.
PBST, soaked in 4 M NaOH for 15 min, rinsed in PBST, soaked in 95% ethanol for 15 min, and air dried. This treatment of the tubes is necessary to condition the tubes so that the antibodies will become more firmly attached. They were coated with 50 µl of a 1:500 dilution of either PStV (J. W. Demski, University of Georgia, Griffin) or PeMV (M. S. Hopkins, United States Department of Agriculture-Agricultural Research Service [USDA-ARS], Griffin, GA) whole antiserum in coating buffer (15 mM Na 2 CO 3 , 35 mM NaHCO 3 , 3 mM NaN 3 , pH 9.6) for 3 h at 37°C or overnight at 4°C. The highest effective dilution of antiserum to use was determined by a titration experiment using a DAS-ELISA procedure to determine binding capacity of the treated tubes. The tubes were washed three times with 200 µl of PBST and incubated with 50 µl of the seed extract supernatant or a leaf extract (control) for 2 to 3 h at room temperature or overnight at 4°C. Each antiserum-seed extract combination was replicated. The tubes were washed again three times with PBST and blotted dry on a tissue. They were placed at -70°C for at least 10 min and the contents thawed and 72°C for 10 min. The forward PeMV primer sequence (5′ to 3′) was TCA ACG GAA ATT GGA CCA TGA T and the reverse PeMV primer was GTT CCG ACG TTA CCA TCA AGA CCA with an expected product size of 339 bp based on a previously reported sequence (6) . The forward PStV primer sequence (5′ to 3′) was GGC GAG TAT GAA ATA GAT and the reverse PStV primer was GGT GGT AAA ACC ACA CTG with an expected product size of 611 bp based on a previously reported nucleic acid sequence (2). Following RT-PCR, the products were assessed by electrophoresis in 1.5% agarose gels in TBE buffer (89 mM Tris-borate and 2 mM EDTA, pH 8.3) and stained with ethidium bromide.
RESULTS AND DISCUSSION
Results indicate that the IC-RT-PCR method can reliably detect PStV and PeMV in peanut seed lots. Testing 100-seed samples is most efficient when the seed lots have little infection. An effort to further reduce costs and time by multiplexing the primers test for both viruses simultaneously in one tube was not successful (data not shown). Apparently the viruses are so closely related that they share sequence similarities, resulting in an interaction between the two sets of primers to produce cDNA bands of sizes other than those expected.
The IC-RT-PCR procedure was used to detect Plum pox virus in apricot seeds in an epidemiology study (12) and to detect Plum pox virus, Apple stem pitting virus, and Cherry leaf roll virus in other plant tissues (1, 7, 15) . The technique offers improved sensitivity over that of ELISA, but these are the first results with large volumes of seeds. Many other viruses probably can be detected by this method. All that is required is a wide-spectrum antiserum and a set of primers selected to a highly conserved region, such as the primers reported here (B. G. Cassidy and R. Dietzgen, unpublished data), so that all variants of each virus may be detected.
Extraction of test samples was much more rapid and less expensive with the IC-RT-PCR procedure than with RT-PCR because the former is essentially that used for ELISA. The lipid-containing material in the seed caused some problems, which were overcome by centrifuging the extracts and removing only the aqueous portion with a pipette. The RNA prepared by the Qiagen method is adequate, but the procedure is expensive and time consuming. The rapid virus extraction and immunocapture of virus from the samples facilitates the handling of larger numbers of samples.
Tests of the sensitivity of the IC-RT-PCR method indicated that 1 infected seed with either virus in 100 seeds could be reliably detected (data not shown). Therefore, 100-seed samples were tested, which allowed larger numbers of seed lots to be processed more rapidly than could be done easily by ELISA (even at 30 seeds/lot). The results of ELISA and IC-RT-PCR for the 15 peanut seed lots from the germ plasm collection are summarized in Table  1 and examples are shown in Figure 1A and B. The top panel of Figure 1A shows some of the 611-bp products from the peanut samples. The band in lane 2 represents 1 seed positive for PStV of 100 in the composite sample (verified by ELISA). Lanes 4 and 5 in the bottom panel represent the 339-bp product produced with a 100-seed sample containing 1 seed positive for PeMV (as determined by ELISA). The band produced in Figure 1A , lane 4 is very faint. A 339-bp product is formed with the PeMV-infected lines (Fig.  1A, bottom panel, and 1B) . Only 3 of 106 peanut seed lots grown in Ecuador were infected with virus (PeMV; Fig. 1B, lanes  3 and 4) and none were infected with PStV. In order to ascertain the virus-free seed in the three contaminated lots, ELISA testing was conducted. ELISA testing of randomly selected seed lots confirmed the IC-RT-PCR results (Table 1) .
A number of potential problems can be avoided when using the IC-RT-PCR method. (i) Lots of PCR tubes vary in their properties for binding serum proteins. Therefore, tube lots should be tested before use for large numbers of samples. (ii) Tubes should be washed with freshly made solutions and the washed tubes should be used within 1 month for best results. (iii) Seed and leaf extracts are best if used when fresh. Extracts kept until the next day at 4°C produce results, but not all bands seen on the first day will be produced. (iv) Introducing the PBST into the tubes using a wash bottle instead of a micropipette and then removing the liquid by slinging it out into a sink was faster, but also produced inconsistent results. Water pressure from the wash bottle or the shaking of the liquid from the tubes probably dislodges the virus from the tube walls. (v) Seed slices can be ground in a mortar with a pestle but, to be certain of even processing of all seed pieces, the grinding-bag approach is better. To produce the most homogeneous slurry from the 100 seed slices, it is best to grind half of the slices with 5 ml of buffer, save the slurry, rinse the bag with an additional 5 ml of buffer, then repeat for the second half of the seed slices and combine the two slurries. (vi) The RT-PCR procedure can be split, treating the tubes with 20 µl of the RT mix, then processing the samples in the thermocycler at 37°C for 2 h and 94°C for 2 min, and then following with 30 µl of the PCR mix to complete the process. However, some time is saved by placing everything into the tube and then processing the sample through the entire series. This second approach may be slightly more sensitive because the entire area is exposed to the 50 µl of test sample. (vii) Samples should be replicated for each antiserum to eliminate inconsistent results (i.e., some tubes may not have bands). We do not know whether the inconsistent results are due to the antiserum-virus complex accidentally being removed from the tube or whether it did not attach in the first place.
The IC-RT-PCR procedure allows for a large number of seed lots to be tested in a given time period and is an important step toward improving virus detection for germ plasm handling and distribution. 
